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(57) ABSTRACT

A double clutch transmission of a vehicle is disclosed. The
double clutch transmission may selectively transmit power of
a power source to two input shafts through two clutches and
may output changed power through two output shafts after the
power selectively transmitted to the two input shafts is
changed. The two input shafts may respectively have a plu-
rality of input gears fixed thereon, the two output shafts may
respectively have a plurality of speed gears rotatable on the
output shafts and a plurality of synchronizers operably con-
necting each speed gear to any one of the output shafts, and
each input gear may be engaged with at least one speed gear.

20 Claims, 4 Drawing Sheets

G3~.|- G~T -6t

G4

HIT

SLEZ

D7 SLE

‘1%



U.S. Patent Sep. 15, 2015 Sheet 1 of 4 US 9,133,911 B2

FIG. 1
oL ; RC TGA2
PC
P1
\ SLE4L P2 _ /
‘L, I
T TSl -
zgi:\j/ﬁ — | 152
HA——T— -
HTELT T
1L L _'_—_—:1:: | TGAL

ouT? H3—~—:ﬁ'~? > TT/TQF / ;Lz Lt
SL%E}Q%%&TCGS Hs1R ﬁ%;/

I T8 062
63~ Gz,\-_r T\Gl""‘ﬁ T G4 NG
L l 2 (
H2 - T | 157 151
 A— - | — -
757l Treglw iEJ—OSl
ouT!
D6~l} -|- % < -l- I~—061 DIFF
j: €G3+ //
CG6 "\K =—~-D3 —~FD
SLE2 »}CG‘? D7 SLE:\ INAL
512 67 gy = ‘IZ/_“ ﬁ —
L




U.S. Patent Sep. 15, 2015 Sheet 2 of 4 US 9,133,911 B2

FIG. 2

02 TS2

151(IS2)
DIFF

051



U.S. Patent Sep. 15, 2015 Sheet 3 of 4 US 9,133,911 B2

FIG. 3
oL ’ R TGA2
PC
Pl
\ SLE4 | | P2 _ /
@L L
FCT 7 = 9 T—
T02~ Tﬂh\ = [ 7| ™
Hizikfmzi:;___“______ ///
| l == | !
1L L3 | == TGA1L
s3U] T L =i | Tt

/ ENG

/]
: &y IS1 |
\m m e - a
D6~_|_} l\ \ cezi 06! BIFF
D3 ~FD
CG6 G4 D7 SLE y
67 ¢

SLE2

AN

N
L1 7 LZE




U.S. Patent Sep. 15, 2015 Sheet 4 of 4 US 9,133,911 B2

FIG. 4
L4 ' RC TGA2
PC
P1
\ SLE4 P2/ o
T
Km T PG
FC-Tx 73 — | —
102~ — 152
0614 —| L | =% A=52
H4\“;’"/' R
{ 3T (7
| 1
E=F"' 11 :£;~_:t§ m | TeAt
ULy = = £ osz
1= D5 I- cL2
H3:——IC£‘:L‘ NN _______I
6=
SLE3 ““\\gzz'aL LtTCGT Il TSlR ﬁl?—?;/
T G5 G4
_ % 062
6~ T-ol
T 7 ENG
L =7
H2 -+ T &5 151
L2l TrFekeT
B Iy =
DG{} 1 L0 lost  omr

% 'T:' ~CG3T /
cG6 \ ~~D3 [—~—FD
SLE »}CG4 D4D7 SLE‘l\

SL2 CG7 SL1

Zia




US 9,133,911 B2

1
DOUBLE CLUTCH TRANSMISSION OF
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority of Korean Patent
Application Number 10-2013-0128677 filed on Oct. 28,
2013, the entire contents of which application are incorpo-
rated herein for all purposes by this reference.

BACKGROUND OF INVENTION

1. Field of Invention

The present invention relates to a double clutch transmis-
sion of a vehicle that can achieve seven forward speeds with-
out increasing a length of the transmission.

2. Description of Related Art

A double clutch transmission of a vehicle includes two
clutch devices, two input shafts and two output shafts. The
double clutch transmission (DCT) selectively transmits
torque of an engine to two input shafts through two clutch
devices, converts the torque into target torque using a plural-
ity of input gears disposed on the two input shafts and a
plurality of speed gears engaged respectively to the input
gears and disposed on the two output shafts and outputs the
target torque.

Such the DCT is used to realize a compact transmission
having more than five forward speeds. Since two clutches and
synchronizing devices are controlled by a controller accord-
ing to the DCT, manual shift maneuver is unnecessary for
controlling the DCT. Therefore, the DCT is one type of auto-
mated manual transmissions (AMT).

The DCTs have different layouts according to vehicle
manufacturers. The DCT realizing six forward speeds or
seven forward speeds is being developed to enhance fuel
consumption and efficiently use engine driving torque.

The information disclosed in this Background section is
only for enhancement of understanding of the general back-
ground of the invention and should not be taken as an
acknowledgement or any form of suggestion that this infor-
mation forms the prior art already known to a person skilled
in the art.

SUMMARY OF INVENTION

The present invention has been made in an effort to provide
a double clutch transmission of a vehicle having advantages
of being mounted in a vehicle without layout change of an
engine compartment and curtailing cost by minimizing a
length of the transmission and achieve seven forward speeds.

A double clutch transmission of a vehicle according to
various aspects of the present invention may include: a vari-
able connecting device including first and second clutches
and selectively transmitting power of a power source; an input
device including a first input shaft selectively receiving the
power of the power source through the first clutch, and a
second input shaft disposed at a radial exterior of the first
input shaft without rotational interference therebetween and
selectively receiving the power of the power source through
the second clutch; a speed output device including a first
speed output unit disposed in parallel with the first and second
input shafts, changing the power transmitted from the first
input shaft or the second input shaft into four forward speeds
and outputting the four forward speeds, and a second speed
output unit disposed in parallel with the first and second input
shafts, changing the power transmitted from the first input
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shaft or the second input shaft into two forward speeds and
outputting the two forward speeds; a first transfer gear assem-
bly disposed in the second speed output unit, reducing rota-
tional speed of the power transmitted from the second input
shaft and outputting the reduced rotational speed; and a sec-
ond transfer gear assembly disposed in parallel with the sec-
ond speed output unit, changing the rotational speed trans-
mitted from the first transfer gear assembly selectively into
one forward speed or one reverse speed and transmitting the
one forward speed or the one reverse speed to the second
speed output unit.

The first input shaft may be provided with first, second and
third input gears sequentially disposed thereon, wherein the
first input gear is an input gear for achieving a fourth forward
speed, the second input gear is an input gear for achieving a
second forward speed and the third input gear is an input gear
for achieving a sixth forward speed.

The second input shaft may be provided with fourth and
fifth input gears sequentially disposed thereon, wherein the
fourth input gear is an input gear for achieving a first forward
speed, a third forward speed and the reverse speed, and the
fifth input gear is an input gear for achieving a fourth forward
speed.

The first speed output unit may include: a first output shaft
disposed in parallel with and away from the first and second
input shafts; third, fourth, sixth and seventh speed gears dis-
posed on the first output shaft; a first synchronizer selectively
connecting the third forward speed gear or the seventh for-
ward speed gear to the first output shaft; a second synchro-
nizer selectively connecting the fourth forward speed gear or
the sixth forward speed gear to the first output shaft; and a first
output gear fixedly disposed on the first output shaft.

The third forward speed gear may be engaged with the
fourth input gear and the seventh forward speed gear may be
engaged with the fifth input gear.

The fourth forward speed gear may be engaged with the
first input gear and the sixth forward speed gear may be
engaged with the third input gear.

The second speed output unit may include: a second output
shaft disposed in parallel with and away from the first and
second input shafts; second and fifth speed gears disposed on
the second output shaft; a third synchronizer selectively con-
necting the second forward speed gear or the fifth forward
speed gear to the second output shaft; and a second output
gear fixedly disposed on the second output shaft.

The second forward speed gear may be engaged with the
second input gear and the fifth forward speed gear may be
engaged with the fifth input gear.

The first transfer gear assembly may include: a first transfer
gear shaft disposed at a radial exterior of the second output
shaft of the second speed output unit without rotational inter-
ference therebetween; a first transfer input gear formed on an
end portion of the first transfer gear shaft and engaged with
the fourth input gear of the second input shaft; and a first
transfer output gear formed on the other end portion of the
first transfer gear shaft.

The second transfer gear assembly may include: a second
transfer gear shaft disposed in parallel with and away from the
first and second input shafts; a rotating direction changing
device disposed on the second transfer gear shaft and adapted
to receive the power from the second input shaft through a
second transfer input gear and to change a rotating direction
of the power; a fourth synchronizer controlling the rotating
direction changing device to change the rotating direction;
and a second transfer output gear transmitting power from the
second transfer gear shaft to the second speed output device.
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The double clutch transmission may further include a park-
ing brake gear fixedly disposed at the second transfer gear
shaft.

The rotating direction changing device may include: an
idle shaft disposed at a radial exterior of the second transfer
gear shaft without rotational interference therebetween; a
second transfer input gear fixedly disposed on a side portion
of'the idle shaft and receiving the power from the first transfer
gear assembly; a first sun gear fixedly disposed on the other
side portion of the idle shaft; a second sun gear fixedly dis-
posed on the second transfer gear shaft; and a carrier disposed
at a radial exterior of the second transfer gear shaft without
rotational interference therebetween and rotatably supporting
a first pinion engaged with the first sun gear and a second
pinion engaged with the first pinion and the second sun gear.

The fourth synchronizer may include: a hub gear fixedly
connected to the carrier; a sleeve engaged with an external
circumference of the hub gear and being movable in an axial
direction; a first forward speed clutch gear fixedly disposed
on the second transfer gear shaft at a side of the hub gear and
selectively engaged with the sleeve; and a fixed clutch gear
fixedly connected to a transmission housing at the other side
of the hub gear and selectively engaged with the sleeve.

A double clutch transmission of a vehicle according to
various other aspects of the present invention may include: a
variable connecting device including first and second
clutches and selectively transmitting power of a power
source; an input device including a first input shaft provided
with first, second and third input gears fixedly disposed on an
external circumference thereof and selectively receiving the
power of the power source through the first clutch, and a
second input shaft provided with fourth and fifth input gears
fixedly disposed on an external circumference thereof, dis-
posed at a radial exterior of the first input shaft without
rotational interference therebetween and selectively receiv-
ing the power of the power source through the second clutch;
a first speed output unit including a first output shaft disposed
in parallel with the first and second input shafts and provided
with a first output gear fixedly disposed on an external cir-
cumference thereof, third, fourth, sixth and seventh speed
gears disposed on the first output shaft, a first synchronizer
selectively connecting the third forward speed gear or the
seventh forward speed gear to the first output shaft and a
second synchronizer selectively connecting the fourth for-
ward speed gear or the sixth forward speed gear to the first
output shaft; a second speed output unit including a second
output shaft disposed in parallel with the first and second
input shafts and provided with a second output gear fixedly
disposed on an external circumference thereof, second and
fifth speed gears disposed on the second output shaft and a
third synchronizer selectively connecting the second forward
speed gear or the fifth forward speed gear to the second output
shaft; a first transfer gear assembly disposed in the second
speed output unit, changing a rotational speed of the power
transmitted from the second input shaft and outputting the
changed rotational speed; and a second transfer gear assem-
bly disposed in parallel with the second speed output unit,
changing the rotational speed transmitted from the first trans-
fer gear assembly selectively into one forward speed or one
reverse speed and transmitting the one forward speed or the
one reverse speed to the second speed output unit.

The third forward speed gear may be engaged with the
fourth input gear and the seventh forward speed gear may be
engaged with the fifth input gear.

The fourth forward speed gear may be engaged with the
first input gear and the sixth forward speed gear may be
engaged with the third input gear.
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4

The second forward speed gear may be engaged with the
second input gear and the fifth forward speed gear may be
engaged with the fifth input gear.

The first transfer gear assembly may include: a first transfer
gear shaft disposed at a radial exterior of the second output
shaft of the second speed output unit without rotational inter-
ference therebetween; a first transfer input gear formed on an
end portion of the first transfer gear shaft and engaged with
the fourth input gear of the second input shaft; and a first
transfer output gear formed on the other end portion of the
first transfer gear shaft.

The second transfer gear assembly may include: a second
transfer gear shaft disposed in parallel with and away from the
first and second input shafts; a rotating direction changing
device disposed on the second transfer gear shaft and adapted
to receive the power from the second input shaft through a
second transfer input gear and to change a rotating direction
of the power; a fourth synchronizer controlling the rotating
direction changing device to change the rotating direction;
and a second transfer output gear transmitting power from the
second transfer gear shaft to the second speed output device.

The rotating direction changing device may include: an
idle shaft disposed at a radial exterior of the second transfer
gear shaft without rotational interference therebetween; a
second transfer input gear fixedly disposed on a side portion
of'the idle shaft and receiving the power from the first transfer
gear assembly; a first sun gear fixedly disposed on the other
side portion of the idle shaft; a second sun gear fixedly dis-
posed on the second transfer gear shaft; and a carrier disposed
at a radial exterior of the second transfer gear shaft without
rotational interference therebetween and rotatably supporting
a first pinion engaged with the first sun gear and a second
pinion engaged with the first pinion and the second sun gear.

The methods and apparatuses of the present invention have
other features and advantages which will be apparent from or
are set forth in more detail in the accompanying drawings,
which are incorporated herein, and the following Detailed
Description, which together serve to explain certain prin-
ciples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an exemplary double
clutch transmission according to the present invention.

FIG. 2 is schematic diagram illustrating arrangement of
shafts used in an exemplary double clutch transmission
according to the present invention.

FIG. 3 is a schematic diagram illustrating flow of power at
the first forward speed in an exemplary double clutch trans-
mission according to the present invention.

FIG. 4 is a schematic diagram illustrating flow of power at
a reverse speed in an exemplary double clutch transmission
according to the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
present description is not intended to limit the invention(s) to
those exemplary embodiments. On the contrary, the invention
(s) is/are intended to cover not only the exemplary embodi-
ments, but also various alternatives, modifications, equiva-
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lents and other embodiments, which may be included within
the spirit and scope of the invention as defined by the
appended claims.

Description of components that are not necessary for
explaining the present exemplary embodiment will be omit-
ted, and the same constituent elements are denoted by the
same reference numerals in this specification. In the detailed
description, ordinal numbers are used for distinguishing con-
stituent elements having the same terms, and have no specific
meanings.

FIG. 1 is a schematic diagram of a double clutch transmis-
sion according to various embodiments of the present inven-
tion. Referring to FIG. 1, a double clutch transmission
according to various embodiments of the present invention
includes a variable connecting device provided with first and
second clutches CL1 and CL.2, an input device provided with
first and second input shafts IS1 and IS2, a speed output
device provided with first and second speed output units
OUT1 and OUT2 converting rotation speed of power input
through the input device according to each shift-speed and
outputting the converted power, a first transfer gear assembly
TGA1 and a second transfer gear assembly TGA2.

The first and second clutches CL1 and CL2 included in the
variable connecting device selectively transmits torque of an
engine ENG to the first and second input shafts IS1 and 1S2.
The first clutch C1 selectively transmits the torque of the
engine ENG to the first input shaft IS1 and the second clutch
CL2 selectively transmits the torque of the engine ENG to the
second input shaft IS2.

The input device includes a first input shaft IS1 selectively
connected to the engine ENG through the first clutch CL.1 and
a second input shaft IS2 selectively connected to the engine
ENG through the second clutch CL2. The second input shaft
182 is a hollow shaft, and the first input shaft IS1 is inserted in
the second input shaft IS2 without rotational interference
with the second input shaft IS2.

First, second and third input gears G1, G2, and G3 are
disposed at an exterior circumference of the first input shaft
IS1 with predetermined distances. The first, second and third
input gears G1, G2, and G3 are positioned at a rear portion of
the first input shaft IS1 penetrating the second input shaft IS2
and are disposed in a sequence of the first, second and third
input gears G1, G2, and G3.

Fourth and fifth input gears G4 and G5 are disposed on the
second input shaft IS2 with a predetermined distance. The
fourth input gear G4 is disposed at a front portion of the
second input shaft IS2 and the fifth input gear G5 is disposed
at a rear portion of the second input shaft IS2.

Therefore, the first, second and third input gears G1, G2
and G3 as well as the first input shaft IS1 are rotated if the first
clutch CL1 is operated, and the fourth and fifth input gears G4
and G5 as well as the second input shaft IS2 are rotated if the
second clutch CL.2 is operated.

The first, second, third, fourth and fifth input gears G1, G2,
(3, G4 and G5 are input gears operating at each shift-speed
and teeth numbers thereof are determined according to target
gear ratio at each shift-speed.

The speed output device that changes rotation speed of the
torque input through the input device and outputs the changed
speed includes the first and second speed output units OUT1
and OUT2 disposed in parallel or substantially in parallel
with the first and second input shafts IS1 and IS2.

The first speed output unit OUT1 includes a first output
shaft OS1 disposed in parallel with and away from the first
and second input shafts IS1 and IS2, third, fourth, sixth and
seventh forward speed gears D3, D4, D6, and D7, a first
synchronizer SL.1 selectively connecting the third forward
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6

speed gear D3 or the seventh forward speed gear D7 to the
first output shaft OS1, a second synchronizer SL.2 selectively
connecting the fourth forward speed gear D4 or the sixth
forward speed gear D6 to the first output shaft OS1 and a first
output gear OG1.

The third forward speed gear D3 is engaged with the fourth
input gear G4 and the seventh forward speed gear D7 is
engaged with the fifth input gear G5.

In addition, the first synchronizer SL1 includes a first hub
gear H1 fixedly disposed on the first output shaft OS1, a first
sleeve SLE1 meshed at an external circumference of the first
hub gear H1 and being slidable in an axial direction, a third
forward speed clutch gear CG3 integrally formed with the
third forward speed gear D3 and selectively engaged with the
first sleeve SLE1 and a seventh forward speed clutch gear
CG7 integrally formed with the seventh forward speed gear
D7 and selectively engaged with the first sleeve SLE1.

If the first sleeve SLE1 is engaged with the third forward
speed clutch gear CG3, rotation speed of the engine ENG is
changed according to gear ratios of the fourth input gear G4
and the third forward speed gear D3 and the changed rotation
speed is output through the first output shaft OS1 and the first
output gear OG1. Therefore, a third forward speed is
achieved. In addition, if the first sleeve SLE1 is engaged with
the seventh forward speed clutch gear CG7, the rotation speed
of'the engine ENG is changed according to gear ratios of the
fifth input gear G5 and the seventh forward speed gear D7 and
the changed rotation speed is output through the first output
shaft OS1 and the first output gear OG1. Therefore, a seventh
forward speed is achieved.

The fourth forward speed gear D4 is engaged with the first
input gear G1 and the sixth forward speed gear D6 is engaged
with the third input gear G3.

Inaddition, the second synchronizer SL.2 includes a second
hub gear H2 fixedly disposed on the first output shaft OS1, a
second sleeve SLE2 meshed at an external circumference of
the second hub gear H2 and being slidable in the axial direc-
tion, a fourth forward speed clutch gear CG4 integrally
formed with the fourth forward speed gear D4 and selectively
engaged with the second sleeve SLE2 and a sixth forward
speed clutch gear CG6 integrally formed with the sixth for-
ward speed gear D6 and selectively engaged with the second
sleeve SLE2.

If the second sleeve SLLE2 is engaged with the fourth for-
ward speed clutch gear CG4, the rotation speed of the engine
ENG is changed according to gear ratios of the first input gear
G1 and the fourth forward speed gear D4 and the changed
rotation speed is output through the first output shaft OS1 and
the first output gear OG1. Therefore, a fourth forward speed is
achieved. In addition, if the second sleeve SLE2 is engaged
with the sixth forward speed clutch gear CG6, the rotation
speed of the engine ENG is changed according to gear ratios
of'the third input gear G3 and the sixth forward speed gear D6
and the changed rotation speed is output through the first
output shaft OS1 and the first output gear OG1. Therefore, a
sixth forward speed is achieved.

The power converted by the first speed output unit OUT1 is
transmitted to the first output gear OG1 mounted on a front
end portion of the first output shaft OS1 to a final reduction
gear FD of a differential apparatus DIFF.

The second speed output unit OUT2 includes an output
shaft OS2 disposed in parallel with and away from the first
and second input shafts IS1 and IS2, the first transfer gear
assembly TGA1, second and fifth forward speed gears D2 and
D5, a third synchronizer SL.3 selectively connecting the sec-
ond forward speed gear D2 or the fifth forward speed gear D5
to the second output shaft OS2 and a second output gear OG2.
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The first transfer gear assembly TGA1 includes a first
transfer gear shaft TS1 being a hollow shaft and disposed at a
radial exterior of the second output shaft OS2, a first transfer
input gear TI1 disposed at a side portion of the first transfer
gear shaft TS1 and engaged with the fourth input gear G4 and
a first transfer output gear TO1 disposed at the other side
portion of the first transfer gear shaft TS1.

In addition, since a diameter of the first transfer input gear
TI1 is larger than that of the first transfer output gear TO2, the
rotation speed input to the first transfer input gear TI1 is
reduced through the first transfer output gear TO2.

In addition, the second forward speed gear D2 is engaged
with the second input gear G2 and the fifth forward speed gear
D5 is engaged with the fifth input gear G5.

The third synchronizer SL.3 includes a third hub gear H3
fixedly disposed on the second output shaft OS2, a third
sleeve SLE3 engaged at an external circumference of the third
hub gear H3 and being slidable in the axial direction, a second
forward speed clutch gear CG2 integrally formed with the
second forward speed gear D2 and selectively engaged with
the third sleeve SLE3 and a fifth forward speed clutch gear
CGS5 integrally formed with the fifth forward speed gear D5
and selectively engaged with the third sleeve SLE3.

If'the third sleeve SLE3 is engaged with the second forward
speed clutch gear CG2, the rotation speed of the engine ENG
is changed according to gear ratios of the second input gear
(G2 and the second forward speed gear D2 and the changed
rotation speed is output through the second output shaft IS2
and the second output gear OG2. Therefore, a third forward
speed is achieved. In addition, if the third sleeve SLE3 is
engaged with the fifth forward speed clutch gear CG5, the
rotation speed of the engine ENG is changed according to
gear ratios of the fifth input gear G5 and the fifth forward
speed gear D5 and the changed rotation speed is output
through the second output shaft OS2 and the second output
gear OG2. Therefore, a fifth forward speed is achieved.

The power converted by the second speed output unit
OUT?2 is transmitted to the final reduction gear FD of the
differential apparatus DIFF through the second output gear
OG2 mounted at a front portion of the second output shaft
082.

Meanwhile, the second transfer gear assembly TGA2
changes direction and rotation speed of the power transmitted
from the first transfer gear assembly TGA1 and outputs the
changed power to the second output shaft OS2.

For this purpose, the second transfer gear assembly TGA2
includes a second transfer gear shaft TS2 disposed in parallel
with and away from the first and second input shafts IS1 and
182, a second transfer input gear TI2, a rotating direction
changing device RC, a fourth synchronizer SL.4, a second
transfer output gear TO2 and a parking brake gear PG.

The rotating direction changing device RC is integrally
formed with an idle shaft IDS being a hollow shaft and dis-
posed on aradial exterior of the second transfer gear shaft TS2
without rotational interference therebetween. The rotating
direction changing device RC includes a second transfer input
gear T12 formed at a side portion of the idle shaft IDS and
engaged with the first transfer output gear TO1, a first sun
gear S1 integrally formed at the other side portion of the idle
shaft IDS, a second sun gear S2 integrally formed with the
second transfer gear shaft TS2 and a carrier PC rotatably
supporting a first pinion P1 disposed at a radial exterior of the
second transfer gear shaft TS2 without rotational interference
therebetween and engaged with the first sun gear S1 and a
second pinion P2 engaged with the first pinion P1 and the
second sun gear S2.
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Thatis, the first sun gear S1 engaged with the first pinion P1
is directly connected to the second transfer input gear T12 so
as to be operated as an input element, a second sun gear S2 is
operated as an output element that outputs a negative rotation
speed at a reverse speed, and the carrier PC is operated as an
output element at a first forward speed and is operated as a
fixed element at the reverse speed.

Meanwhile, the fourth synchronizer SL4 includes a fourth
hub gear H4 fixedly disposed on the carrier PC, a fourth
sleeve SLE4 engaged at an external circumference of the
fourth hub gear H4 and being slidable in the axial direction, a
first forward speed clutch gear CG1 integrally formed with
the second transfer gear shaft TS2 at a side of the fourth hub
gear H4 and selectively engaged with the fourth sleeve SLE4
and a fixed clutch gear FC connected to a transmission hous-
ing H at the other side of the fourth hub gear H4 and selec-
tively engaged with the fourth sleeve SLE4.

If the fourth sleeve SLE4 is engaged with the first forward
speed clutch gear CG1, the power transmitted from the carrier
PC is output through the second transfer gear shaft TS2 and
the second transfer output gear TO2. Ifthe fourth sleeve SLE4
is engaged with the fixed clutch gear FC, the negative rotation
speed transmitted from the second sun gear S2 is output
through the second transfer gear shaft TS2 and the second
transfer output gear TO2.

Sleeves SLE1, SLE2, SLE3 and SL.E4 applied respectively
to the first, second, third and fourth synchronizers SL.1, S.2,
SL.3 and SL4 are operated by additional actuators and the
actuators are controlled by a transmission control unit.

The actuator may be operated by an electric motor or a
hydraulic control system but is not limited to this.

FIG. 2 is schematic diagram illustrating arrangement of
shafts used in a double clutch transmission according to an
exemplary embodiment of the present invention.

Referring to FIG. 2, the first and second input shafts 1S1
and 182, the first and second output shafts OS1 and OS2, the
second transfer gear shaft TS2 and the differential apparatus
DIFF are disposed away from each other, and the first and
second output gears OG1 and OG?2 fixedly disposed respec-
tively on the first and second output shafts OS1 and OS2 are
connected to the final reduction gear FD of the differential
apparatus DIFF.

FIG. 3 is a schematic diagram illustrating flow of power at
the first forward speed in a double clutch transmission accord-
ing to an exemplary embodiment of the present invention.

Odd-numbered speeds and even-numbered speeds are
alternately realized at the second forward speed, the third
forward speed, the fourth forward speed, the fifth forward
speed, the sixth forward speed and the seventh forward speed
other than the reverse speed and the first forward speed in the
double clutch transmission according to some embodiments
of the present invention. Alternate realization of the odd-
numbered speeds and the even-numbered speeds is known.
Therefore, detailed description thereof will be omitted.

Referring to FIG. 3, the power of the engine ENG is trans-
mitted to the second input shaft IS2 by operation of the second
clutch C2, the third sleeve SLE3 of'the third synchronizer SL.3
is engaged with the second forward speed clutch gear CG2,
and the fourth sleeve SLLE4 of the fourth synchronizer S 4 is
engaged with the first forward speed clutch gear CG1 at the
first forward speed.

At this time, the rotation speed of the second input shaft IS2
is input to the first transfer gear assembly TGA1 as the nega-
tive rotation speed through the fourth input gear G4 and the
first transfer input gear T11, and the negative rotation speed of
the first transfer gear assembly TGA1 is input to the second
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transfer input gear T12 as positive rotation speed through the
first transfer output gear TO1 and drives the first sun gear S1.

At this time, the carrier PC is connected to the second
transfer gear shaft TS2 though the fourth hub gear H4, the
fourth sleeve SLE4 and the first forward speed clutch gear
C@G1, and the second sun gear S2 is engaged with the second
pinion P2 such that the rotating direction changing device RC
becomes a direct-coupling state. Therefore, the power input
to the first sun gear S1 is transmitted to the second transfer
gear shaft TS2 without change of the rotation speed.

In this case the power of the second transfer gear shaft TS2
is output to the differential apparatus DIFF through the sec-
ond transfer output gear TO2, the second forward speed gear
D2, the second forward speed clutch gear CG2, the second
output shaft OS2, and the second output gear OG2.

At this time, speed ratio at the first forward speed is deter-
mined by gear ratios of the fourth input gear G4, the first
transfer input gear TI1, the first transfer output gear TO1, the
second transfer input gear T12, the second transfer output gear
TO2, and the second forward speed gear D2.

FIG. 4 is a schematic diagram illustrating flow of power at
a reverse speed in a double clutch transmission according to
an exemplary embodiment of the present invention. Referring
to FIG. 4, the power of the engine ENG is transmitted to the
second input shaft IS2 by operation of the second clutch CL.2,
the third sleeve SLE3 of the third synchronizer SL3 is
engaged with the second forward speed clutch gear CG2, and
the fourth sleeve SLE4 of the fourth synchronizer SL.4 is
engaged with the fixed clutch gear FC at the reverse speed.

Atthis time, the rotation speed of the second input shaft IS2
is input to the transfer gear assembly TGA1 as the negative
rotation speed through the fourth input gear G4 and the first
transfer input gear T11, and the negative rotation speed of the
first transfer gear assembly TGA1 is input to the second
transfer input gear T12 as the positive rotation speed through
the first transfer output gear TO1 and drives the first sun gear
S1.

At this time, since the fourth sleeve SLE4 is engaged with
the fixed clutch gear FC, the carrier PC is operated as the fixed
element and the first sun gear S1 is operated as the input
element in the rotating direction changing device RC. There-
fore, the negative rotation speed is output to the second sun
gear S2.

Therefore, the second transfer gear shaft TS2 fixedly con-
nected to the second sun gear S2 rotates inversely, and the
negative rotation speed of the second transfer gear shaft TS2
is output to the differential apparatus DIFF through the sec-
ond transfer output gear TO2, the second forward speed gear
D2, the second forward speed clutch gear CG2, the second
output shaft OS2, and the second output gear OG2.

At this time, speed ratio at the reverse speed is determined
by gear ratios of the fourth input gear G4, the first transfer
input gear T11, the first transfer output gear TO1, the second
transfer input gear T12, the second transfer output gear TO2,
and the second forward speed gear D2.

Meanwhile, the parking brake gear PG is disposed at a
front end portion of the second transfer gear shaft TS2 and
performs parking function.

According to various embodiments of the present inven-
tion, the first transfer gear assembly TGA1 including one
synchronizer SL.3, two speed gears, and two gears is disposed
on the second output shaft OS2, and the rotating direction
changing device RC, one synchronizer SI.4, and two gears are
disposed on the second transfer gear shaft TS2 disposed in
parallel with the second output shaft OS2. Therefore, a length
of the transmission may be shortened. Thereby, the transmis-
sion can be mounted in an engine compartment without lay-
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out change of the engine compartment. In addition, since the
layout of the engine compartment is not changed, cost may be
curtailed.

For convenience in explanation and accurate definition in
the appended claims, the terms “front” or “rear”, and etc. are
used to describe features of the exemplary embodiments with
reference to the positions of such features as displayed in the
figures.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teachings. The exemplary
embodiments were chosen and described in order to explain
certain principles of the invention and their practical applica-
tion, to thereby enable others skilled in the art to make and
utilize various exemplary embodiments of the present inven-
tion, as well as various alternatives and modifications thereof.
It is intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:

1. A double clutch transmission of a vehicle comprising:

a variable connecting device including first and second
clutches and selectively transmitting power of a power
source;

an input device including a first input shaft selectively
receiving the power of the power source through the first
clutch, and a second input shaft disposed at a radial
exterior of the first input shaft without rotational inter-
ference therebetween and selectively receiving the
power of the power source through the second clutch;

a speed output device including a first speed output unit
disposed in parallel with the first and second input
shafts, changing the power transmitted from the first
input shaft or the second input shaft into four forward
speeds and outputting the four forward speeds, and a
second speed output unit disposed in parallel with the
first and second input shafts, changing the power trans-
mitted from the first input shaft or the second input shaft
into two forward speeds and outputting the two forward
speeds;

a first transfer gear assembly disposed in the second speed
output unit, reducing a rotational speed of the power
transmitted from the second input shaft and outputting
the reduced rotational speed; and

a second transfer gear assembly disposed in parallel with
the second speed output unit, changing the rotational
speed transmitted from the first transfer gear assembly
selectively into one forward speed or one reverse speed
and transmitting the one forward speed or the one
reverse speed to the second speed output unit.

2. The double clutch transmission of claim 1, wherein the
first input shaft is provided with first, second and third input
gears sequentially disposed thereon, and

wherein the first input gear is an input gear for achieving a
fourth forward speed, the second input gear is an input
gear for achieving a second forward speed and the third
input gear is an input gear for achieving a sixth forward
speed.

3. The double clutch transmission of claim 2, wherein the
second input shaft is provided with fourth and fifth input gears
sequentially disposed thereon, and

wherein the fourth input gear is an input gear for achieving
a first forward speed, a third forward speed and the
reverse speed, and the fifth input gear is an input gear for
achieving a fourth forward speed.
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4. The double clutch transmission of claim 3, wherein the
first speed output unit comprises:

a first output shaft disposed in parallel with and away from

the first and second input shafts;

third, fourth, sixth and seventh speed gears disposed on the
first output shaft;

a first synchronizer selectively connecting the third for-
ward speed gear or the seventh forward speed gear to the
first output shaft;

a second synchronizer selectively connecting the fourth
forward speed gear or the sixth forward speed gear to the
first output shaft; and

afirst output gear fixedly disposed on the first output shaft.

5. The double clutch transmission of claim 4, wherein the
third forward speed gear is engaged with the fourth input gear
and the seventh forward speed gear is engaged with the fifth
input gear.

6. The double clutch transmission of claim 4, wherein the
fourth forward speed gear is engaged with the first input gear
and the sixth forward speed gear is engaged with the third
input gear.

7. The double clutch transmission of claim 3, wherein the
second speed output unit comprises:

a second output shaft disposed in parallel with and away

from the first and second input shafts;

second and fifth speed gears disposed on the second output
shaft;

a third synchronizer selectively connecting the second for-
ward speed gear or the fifth forward speed gear to the
second output shaft; and

a second output gear fixedly disposed on the second output
shaft.

8. The double clutch transmission of claim 7, wherein the
second forward speed gear is engaged with the second input
gear and the fifth forward speed gear is engaged with the fifth
input gear.

9. The double clutch transmission of claim 1, wherein the
first transfer gear assembly comprises:

a first transfer gear shaft disposed at a radial exterior of the
second output shaft of the second speed output unit
without rotational interference therebetween;

a first transfer input gear formed on an end portion of the
first transfer gear shaft and engaged with the fourth input
gear of the second input shaft; and

a first transfer output gear formed on the other end portion
of the first transfer gear shaft.

10. The double clutch transmission of claim 1, wherein the

second transfer gear assembly comprises:

a second transfer gear shaft disposed in parallel with and
away from the first and second input shafis;

a rotating direction changing device disposed on the sec-
ond transfer gear shaft and adapted to receive the power
from the second input shaft through a second transfer
input gear and to change a rotating direction of the
power;

a fourth synchronizer controlling the rotating direction
changing device to change the rotating direction; and

a second transfer output gear transmitting power from the
second transfer gear shaft to the second speed output
device.

11. The double clutch transmission of claim 10, further
comprising a parking brake gear fixedly disposed at the sec-
ond transfer gear shaft.

12. The double clutch transmission of claim 10, wherein
the rotating direction changing device comprises:
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an idle shaft disposed at a radial exterior of the second
transfer gear shaft without rotational interference ther-
ebetween;

a second transfer input gear fixedly disposed on a side
portion ofthe idle shaft and receiving the power from the
first transfer gear assembly;

a first sun gear fixedly disposed on the other side portion of
the idle shaft;

a second sun gear fixedly disposed on the second transfer
gear shaft; and

a carrier disposed at a radial exterior of the second transfer
gear shaft without rotational interference therebetween
and rotatably supporting a first pinion engaged with the
first sun gear and a second pinion engaged with the first
pinion and the second sun gear.

13. The double clutch transmission of claim 12, wherein

the fourth synchronizer comprises:

a hub gear fixedly connected to the carrier;

a sleeve engaged with an external circumference of the hub
gear and being movable in an axial direction;

a first forward speed clutch gear fixedly disposed on the
second transfer gear shaft at a side of the hub gear and
selectively engaged with the sleeve; and

a fixed clutch gear fixedly connected to a transmission
housing at the other side of the hub gear and selectively
engaged with the sleeve.

14. A double clutch transmission of a vehicle comprising:

a variable connecting device including first and second
clutches and selectively transmitting power of a power
source;

an input device including a first input shaft provided with
first, second and third input gears fixedly disposed on an
external circumference thereof and selectively receiving
the power of the power source through the first clutch,
and a second input shaft provided with fourth and fifth
input gears fixedly disposed on an external circumfer-
ence thereof, disposed at a radial exterior of the first
input shaft without rotational interference therebetween
and selectively receiving the power of the power source
through the second clutch;

a first speed output unit including a first output shaft dis-
posed in parallel with the first and second input shafts
and provided with a first output gear fixedly disposed on
an external circumference thereof, third, fourth, sixth
and seventh speed gears disposed on the first output
shaft, a first synchronizer selectively connecting the
third forward speed gear or the seventh forward speed
gear to the first output shaft and a second synchronizer
selectively connecting the fourth forward speed gear or
the sixth forward speed gear to the first output shaft;

a second speed output unit including a second output shaft
disposed in parallel with the first and second input shafts
and provided with a second output gear fixedly disposed
on an external circumference thereof, second and fifth
speed gears disposed on the second output shaft and a
third synchronizer selectively connecting the second
forward speed gear or the fifth forward speed gear to the
second output shaft;

a first transfer gear assembly disposed in the second speed
output unit, changing a rotational speed of the power
transmitted from the second input shaft and outputting
the changed rotational speed; and

a second transfer gear assembly disposed in parallel with
the second speed output unit, changing the rotational
speed transmitted from the first transfer gear assembly
selectively into one forward speed or one reverse speed
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and transmitting the one forward speed or the one
reverse speed to the second speed output unit.

15. The double clutch transmission of claim 14, wherein
the third forward speed gear is engaged with the fourth input
gear and the seventh forward speed gear is engaged with the
fifth input gear.

16. The double clutch transmission of claim 14, wherein
the fourth forward speed gear is engaged with the first input
gear and the sixth forward speed gear is engaged with the
third input gear.

17. The double clutch transmission of claim 14, wherein
the second forward speed gear is engaged with the second
input gear and the fifth forward speed gear is engaged with the
fifth input gear.

18. The double clutch transmission of claim 14, wherein
the first transfer gear assembly comprises:

a first transfer gear shaft disposed at a radial exterior of the
second output shaft of the second speed output unit
without rotational interference therebetween;

a first transfer input gear formed on an end portion of the
first transfer gear shaft and engaged with the fourth input
gear of the second input shaft; and

a first transfer output gear formed on the other end portion
of the first transfer gear shaft.

19. The double clutch transmission of claim 14, wherein

the second transfer gear assembly comprises:

a second transfer gear shaft disposed in parallel with and
away from the first and second input shafis;
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a rotating direction changing device disposed on the sec-
ond transfer gear shaft and adapted to receive the power
from the second input shaft through a second transfer
input gear and to change a rotating direction of the
power;

a fourth synchronizer controlling the rotating direction
changing device to change the rotating direction; and

a second transfer output gear transmitting power from the
second transfer gear shaft to the second speed output
device.

20. The double clutch transmission of claim 19, wherein

the rotating direction changing device comprises:

an idle shaft disposed at a radial exterior of the second
transfer gear shaft without rotational interference ther-
ebetween;

a second transfer input gear fixedly disposed on a side
portion ofthe idle shaft and receiving the power from the
first transfer gear assembly;

a first sun gear fixedly disposed on the other side portion of
the idle shaft;

a second sun gear fixedly disposed on the second transfer
gear shaft; and

a carrier disposed at a radial exterior of the second transfer
gear shaft without rotational interference therebetween
and rotatably supporting a first pinion engaged with the
first sun gear and a second pinion engaged with the first
pinion and the second sun gear.

#* #* #* #* #*



